This paper reports the development of a quantal transformation assay for bovine papilloma virus. Support for its specificity to fibropapilloma derived bovine papilloma virus comes from (I) the absence of transformation associated changes following inoculations of normal bovine skin, bovine teat papilloma, bovine teat focal epithelial hyperplasia lesion and canine papilloma derived suspensions; (2) in vitro transformation occurs when CsC1 purified fibropapilloma-derived BPV is used; (3)in vitro transformation experiments reported here parallel in vivo transmission of fibropapillomas described elsewhere using the same extracts; (4) the time-temperature inactivation of BPV using in vitro transformation parallels in vivo results and is similar to that reported for other papovaviruses; (5) BPV in vitro transformed cells are tumorigenic in nude mice and increase in vivo resistance in calves to subsequent challenge with fibropapilloma derived virus; (6) inhibition of in vitro transformation by bovine papilloma virus occurs when sera from calves bearing regressing fibropapillomas are used in conjunction with complement; (7) transformation inhibition activity may be adsorbed from high titre sera using BPV-induced tumour cells or in vitro transformed cells but not using various virus suspensions. The detection of BPV in commercially available milk is reported. While it is highly likely that milk-derived BPV is active, no direct evidence is available since the vast majority of teat lesions contain papilloma and focal epithelial hyperptasia-derived BPV which neither transform cultures in vitro, nor produce fibropapillomas in vivo. The work reported here lends further support for the existence of several types of BPV suggested elsewhere.
S U M M A R Y
This paper reports the development of a quantal transformation assay for bovine papilloma virus. Support for its specificity to fibropapilloma derived bovine papilloma virus comes from (I) the absence of transformation associated changes following inoculations of normal bovine skin, bovine teat papilloma, bovine teat focal epithelial hyperplasia lesion and canine papilloma derived suspensions; (2) in vitro transformation occurs when CsC1 purified fibropapilloma-derived BPV is used; (3)in vitro transformation experiments reported here parallel in vivo transmission of fibropapillomas described elsewhere using the same extracts; (4) the time-temperature inactivation of BPV using in vitro transformation parallels in vivo results and is similar to that reported for other papovaviruses; (5) BPV in vitro transformed cells are tumorigenic in nude mice and increase in vivo resistance in calves to subsequent challenge with fibropapilloma derived virus; (6) inhibition of in vitro transformation by bovine papilloma virus occurs when sera from calves bearing regressing fibropapillomas are used in conjunction with complement; (7) transformation inhibition activity may be adsorbed from high titre sera using BPV-induced tumour cells or in vitro transformed cells but not using various virus suspensions. The detection of BPV in commercially available milk is reported. While it is highly likely that milk-derived BPV is active, no direct evidence is available since the vast majority of teat lesions contain papilloma and focal epithelial hyperptasia-derived BPV which neither transform cultures in vitro, nor produce fibropapillomas in vivo. The work reported here lends further support for the existence of several types of BPV suggested elsewhere.
I N T R O D U C T I O N
A major impediment to the study of papillomaviruses has been the absence of in vitro techniques for the quantitative study of a range of biological properties such as infection, replication, transformation and neutralization. It was shown some time ago that bovine papilloma virus (BPV), which has a wider host range and cell tropism than most members of the family (see Olsen et al. I969) , can transform cells in culture (Black et aI. I963; Thomas et al. I963, I964) . The present studies were designed to investigate some of the parameters of cell transformation such as the range and sources of transformation permissive cells, the precision and sensitivity of transformation assays, the inhibition of in vitro transformation and the time-temperature inactivation of BPV. Table I lists the various tissues collected from bovine foetuses at differing stages of gestation as measured by foetal length (nuchal crest to tail butt). Approximately o'5 to I g of foetal tissue, collected under sterile conditions, was rinsed three times in basal Eagle's medium (BME). Ten ml of BME was added to the tissue and the mixture treated in a stomacher (A. J. Seward, Blackfriars Road, London) for t to 5 min depending on the type of tissue. The resultant cell suspension was then evenly divided into four 8 oz glass medical flasks already containing 20 ml BME with 20 % added foetal bovine serum. Seven to ten days after seeding, bottles were examined for evidence for cell growth; those which showed growth without evidence of contamination were passaged at a 1:2 ratio. This procedure was repeated at weekly intervals using BME with 15 % foetal bovine serum until the cultures stopped growing.
C . M E I S C H K E METHODS

Primary cell cultures.
Three collection methods were used to obtain material in attempts to establish foetal bovine skin cultures. (I) Pieces of foetal bovine skin (3 to 5 mm diam.) were treated in the stomacher as described above; (2) 2 to 3 pieces of foetal bovine skin were placed in 8 oz medical flasks, epidermis uppermost, in 2o ml BME with 2o % added foetal bovine serum; (3) an area 4 cm x 2 cm of the skin of a bovine foetus was lightly scraped with a sterile scalpel blade and the scrapings were placed in an 8 oz medical flask in 2o ml of BME with 2o% foetal bovine serum.
The vascular meninges (pia mater and arachnoidea) were separated from the fibrous meninges (dura mater). Both were treated in the stomacher before seeding on to 8 oz medical flasks. In bovine foetuses of length >4o cm, the meninges were unavoidably contaminated with a considerable amount of brain tissue. In smaller foetuses, it was possible to separate the different components.
Virus. BPV was extracted from single case cutaneous, teat and anogenital fibropapillomas, teat papillomas, focal epithelial hyperplasia-like lesions and two samples of pooled alimentary tract lesions (these were supplied by Professor W. H. F. Jarrett). Full details of the sampling method, transmission and histopathology of these tumours will be published elsewhere (Meischke, 1979a, b) . o, (w/v) homogenate of tumour tissue was made in phosphate-buffered saline (PBS) A IO/o using a Silverson (Silverson Machines Ltd., Waterside, Chesham, England) blender. This was centrifuged at 2ooo g for 2o min at 4 °C in a Beckman Lz-65 ultracentrifuge using a SW27 rotor. Suspensions were clarified by centrifugation at IOOOO g for 3o min in the same rotor. Caesium chloride gradient purified virus was prepared according to methods described earlier (Lancaster et al. 1976 ) but without the use of detergent or ultrasonic dispersion of pellets.
Infection of cells in suspension.
A confluent monolayer of each secondary cell culture was treated with trypsin/versene and after washing in B M E + I o % foetal bovine serum the suspension of cells was seeded into wells of a 24 × l cm Falcon Multiwell plate (Becton and Dickinson Ltd., Brindlay 74, Runcorn, Cheshire, U.K.) at the rate of 3 to 5 x I O cells/ well in o'9 ml BME with 15 % foetal bovine serum. Within Io min o'I ml of virus suspension at serial Io-fold dilutions was inoculated into each well. Each dilution of virus was inoculated into four wells, thus the resulting multiwell plate contained four replicate io-fold serial virus dilutions of ~o ~, ~o z, lo 4, Io 's, Ko 6 plus four control wells which were inoculated with o.~ ml ~o% crude suspension of normal skin taken from the same animal as the virus preparation. For assay purposes, the log 10 l O ~y,, transforming dose (TDs0), determined using Io-fold step dilution, was more accurately confirmed using four replicate twofold dilution steps around the transformation end-point.
Infection of cells as monolayer.
Multiwell plates were seeded with 3 to 5 x io z cells in In vitro transformation by BPV 475 0-9 ml B M E + I5% foetal bovine serum per well and placed in a humidified incubator at 37 °C overnight. The following morning o.I ml control and virus containing suspensions (as described above) were inoculated into the wells.
Examination of plates. Medium was removed from each plate, the cells fixed for 3o min in methanol, rinsed with water and then stained for 2o min with Giemsa stain. Plates were rinsed again in water and allowed to dry up-ended on tissue paper. For each plate gross examination (Fig. I ) was followed by examination on a Leitz inverted light microscope.
Calculation of log TDso. The K~irber modification of the Reed and Muench method was used to determine the end-point titration of various virus preparations. To estimate the accuracy and reproducibility of transformation, three cell cultures were infected with Io separate samples of BPV made from a single case fibropapilloma pool.
Characterization of transforming cell cultures. Each cell culture which showed transformation was assayed to determine the optimal time for examination, Ten multiwell plates plus cells were prepared, infected in suspension with serial BPV dilutions and stained at 2, 4, 6, 8, Io, i2 i4, I6, I8 and 2o days p.i. The cells were not passaged, but the medium was replaced at weekly intervals. A foetal bovine skin culture was used to determine the adsorption time for BPV both after infection in suspension and as a monolayer. Following inoculation with BPV and control suspensions, the medium was removed at intervals as shown in Fig. 2 ; the wells were rinsed twice with PBS and then I ml of fresh B M E + 15 % foetal bovine serum placed into each well. The plates were examined at the optimal time for transformation which had already been determined.
Paired transformed and control cultures were examined at regular passage intervals to compare growth characteristics. A suspension of cells was made using trypsin/versene, cell clumps were disassociated by vigorous pipetting prior to counting in a haematocytometer. Viability was estimated using the trypan blue exclusion method. Generation intervals during the log phase of growth were calculated from growth curves plotted for each culture. Saturation densities were also determined for each culture.
Paired uninfected and transformed cell cultures were passaged at weekly intervals at a ratio of I : z until cell growth ceased in order to estimate culture longevity. Four replicates of each culture were treated identically for this work.
Attempts were made to grow transformed cells in agar suspension cultures using the method described by MacPherson & Montagnier (~964) .
The haemagglutinating activity of BPV preparations was determined using mouse erythrocytes according to the technique described by Favre et al. (I974) . Six replicate titrations using twofold dilution steps were used to determine the log10 HAD~0.
Temperature-time inactivation of BPV. One ml of each virus sample (as listed in Table 3) was pasteurized by placing in a hot water bath held at 6o °C. After the temperature of the sample reached 60 °C, 3o min were allowed to elapse before the sample was removed and cooled at 4 °C.
In vivo infectivity of pasteurized, unpasteurized and control preparations was determined as follows. Six major skin sites on five 3-month-old calves were prepared by clipping the hair from two ~o x zo cm areas with at least Io cm of unclipped hair-covered skin left between the clipped areas. Pasteurized and untreated virus isolates were diluted in five xo-fold steps with PBS. Dried, filtered and sterilized activated charcoal was added to each dilution at the rate of IO mg/ml. Ten o.I ml intradermal injections were made for each dilution step into the appropriate designated site. Forty control injections of PBS with IO mg/ml activated charcoal were made. Biopsy samples were taken at fortnightly intervals from Io -1 virus dilution sites of both H . R . C . M E I S C H K E pasteurized and untreated isolates as well as control sites. Skin thickness measurements were made of each injection site at the same time and the presence or absence of lesions was noted. Five samples of one fibropapilloma-derived BPV isolate were held at 60 °C for 30, 60, I2O, 18o, 24o min and subsequently assayed to determine the transformation titre (log TD50). Six samples of the same BPV sample were treated for 3o min at 50, 6o, 70, 75, 80, 85 °C and subsequently assayed to determine the log TDs0. Six retail outlets were visited in one week and the equivalent of 5 1 of milk was purchased. Milk samples were diluted ~ :4 with distilled water and centrifuged for Io min at 20oo rev/min on a JS 7"5 rotor. The supernatant was removed and the precipitate resuspended in Io ml of PBS. Epithelial ceils were pooled for each sample, washed twice in PBS, pelleted at 2000 rev/min for IO min and resuspended in I ml of PBS. These I ml suspensions were then subjected to three freeze-thaw cycles (Meischke, I979 a) before being examined negatively stained under the EM for the presence of BPV.
Inhibition of in vitro transformation by BPV. One fibropapilloma-derived IO~o (w/v) clarified virus suspension was used throughout this work. Virus was stored in samples at -7o °C until used. Sera were collected from a number of experimental calves, experimentally inoculated with different virus isolates (Meischke, I979b) . The sera were heat inactivated at 6o °C for 3o min before being held at -2 o °C until further use. A standard source of complement was used. Two I-week-old lambs were exsanguinated and serum samples of 5 ml were stored at -7o °C until use.
Twenty-four Falcon multiwell tissue culture plates were used for the assay procedure. Fig. 6 illustrates a typical test plate. Wells AI and Br received control cells alone and control cells plus complement respectively. Wells CI and DI received cells plus virus complement and cells plus virus respectively. All wells in rows 2 to 6 inclusively received cells plus virus at Io 3 dilution (equivalent to approximately IOO transforming units per well) plus complement. Test sera were diluted in Io-fold steps using Eagle's medium without foetal bovine serum. Rows a, 3, 4, 5 and 6 received undiluted, Io -1, Io -2, Io -3 and IO -a dilutions of test sera. Complement was added as indicated above to an on-plate concentration of 5 %. Each I ml well thus contained o.8 ml cells, medium with 15 % added FBS and complement; o.I ml test serum at appropriate dilutions and o. I ml of virus at fixed dilution o f lO _3 .
Plates were placed in a 5 % CO 2 humidified incubator held at 37 °C. Three days later the medium was removed from each well and replaced with I ml BME with I 5 % added FBS. Plates were treated with Giemsa stain and examined for evidence of transformation as described earlier. The 50 % transformation inhibition dose (loglo TIDso) was calculated using the method of Reed & Muench.
Preliminary experiments had shown that the transformation inhibitory (TI) effect was absent when both the test sera and FBS in the medium were heat inactivated before use. The T1 effect could be restored using an alternative source of complement (initially guineapig serum, but subsequently newborn lamb serum).
Varying concentrations of virus were used with standard concentrations of complement and test serum and varying concentrations of complement were used with standard concentrations of virus and test serum to investigate their effect on the serum TID50.
High titre serum 68893, week 34 was adsorbed with an equal vol. of various BPV-related suspensions listed in Table 4 -Following thorough agitation, the mixtures were placed in a water bath held at 37 °C for 3o min before being held at 4 °C overnight. The following morning the mixtures were centrifuged for 30 min at 20oo rev/min on a bench top centrifuge.
Each supernatant was then decanted and tested to determine the TIDso as described above. To compensate for the 50 % dilution of the sera during adsorption, o.2 ml instead of o.i ml was added per test well. 
Fibrous meninges
• indicates growth beyond 3rd passage; ~.', transforms with B P V ; -, no growth beyond 3rd passage; blank, not collected. Table i shows foetal length, the tissues collected, cultures which grew beyond the third passage and those which showed transformation after infection with fibropapilloma derived BPV. Cell cultures from foetal bovine palate, conjunctiva and vascular meninges were consistently transformed by fibropapilloma-derived BPV. Only two cell cultures from foetal bovine skin transformed. These were two cultures established using the epidermal scraping method: cultures from the same foetuses established using whole skin pieces or' stomached' skin pieces were more fibroblastic in appearance and did not transform after infection with BPV. None of the other foetal bovine skin cultures established by any of the three methods was transformed by BPV. It should be noted that the foetuses from which the transformationsensitive skin cultures were isolated were both near term, showing approx. I cm hair length.
RESULTS
The features of transformation were similar in all cultures. Cultures first showed morphological changes between days 3 and 5 p.i., with the concurrent appearance of 'floater' cells in the medium and long spindle shaped cells showing disorganized growth patterns. The spindle cells overgrew the other cells and formed into large bundles or cords of rapidly growing cells. At the junction of these cords the spindle cells crossed over each other to form the typical transformation loci associated with cell transformation by other members of the papovavirus group. The medium in infected wells showed considerable acidification when compared with control wells. Between days 5 and 7 these cords of cells had overgrown to the extent that they were visible macroscopically as wisps (Fig. I) .
Comparison between BPV infection of cells in suspension and as a monolayer consistently showed the appearance of wisps to be delayed by 3 to 4 days in the monolayer infected cultures. The log TDs0 did not differ significantly between the two infection methods. The delay in appearance of wisps could be ascribed to differences in adsorption time (Fig. 2) . No significant differences occurred between the generation intervals or saturation densities of transformed and control cultures after virus inoculation and through to cell death, several months later. However, there were differences in growth rate after BPV infection, with an initial depression (day o to 3) in growth rate, a large amount of cell death, and then a potentiation of cell growth so that monolayers observed at days 8 to 1z showed similar cell numbers to controls.
Transformed cells did not form colonies during a four week observation period after suspension in o'3% agar. Three different cell cultures, each transformed by different fibropapilloma-derived BPV isolates, were tested and in no case was colony formation observed.
When ten separate samples of a to ~o clarified suspension of a fibropapilloma case (667o2) were assayed on the same three cell cultures, no significant differences were found between the mean log TDs0 of each culture (Table z) . In this experiment the HA titres were lower than the transformation titre, and the standard errors were higher, indicating the lower precision of the HA compared with the transformation assay.
Determination of the optimal time for reading assay plates showed that there was considerable variation between cell cultures. In each cell culture there was a z-day interval between the time when microscopic evidence for BPV transformation was present without gross wisp formation and when cultures were so overconfluent that gross examination for wisps was difficult. During this 2-day interval both microscopic and macroscopic evidence for transformation was clearly evident and this is the period used to read assay plates. When six cultures were infected in suspension, wisps first appeared 7 to 1o days later, whereas when they were infected as a monolayer, wisps first appeared after [ [ to 14 days.
BPV extracted from cutaneous, anogenital, teat and alimentary fibropapilloma of cattle 
2"3 2"4 2-3 2-4 2.2 2"3 3"8 3"5 2"4 2"5 n.a.~ n.a. n.a. n.a. 2"5 2'4 3"9 3"8 3"I 2"9
Mean titre_ s.e. -pasteurized, 2.8i 4-o-7o; control, 2'78+ 0"57; t value = o'x t4; degrees of freedom = I4.
* A, focal epithelial hyperplasia; B, teat papilloma, C, teat fibropapilloma; D, cutaneous fibropapilloma; E, anogential fibropapilloma. t P, pasteurized; C, unpasteurized control. J; n.a., Not applicable.
have all induced transformation in the four most studied cultures (II and I2 skin; 2, meninges and ~2 conjunctiva). Virus extracted from bovine papilloma, focal epithelial hyperplasia-like lesions and canine papilloma has not induced transformation in any of these four cultures. CsCl-purified BPV from fibropapilloma lesions also transformed the above mentioned cells. Ten % (w/v) clarified extracts of normal bovine skin from the same cases as the BPV extracts were used in the control wells. In no case was any transformationassociated change seen in these wells. In vivo production of lesions using the same fibropapilloma extracts will be reported elsewhere (Meischke, I979b) . Table 3 shows the in vivo infectivity of virus extracts as measured by the appearance of papillomas and fibromas at the sites of injection. No significant differences were detected between the titres of pasteurized and untreated virus isolates. The histopathological and electron microscope examination of biopsy samples will be reported in greater detail elsewhere (Meischke, I979b) . However, each virus isolate produced experimental lesions similar to the original lesions from which the isolate was first extracted. No morphological differences were detected between lesions produced by pasteurized or untreated samples from the same virus isolate. When one fibropapilloma-derived virus isolate was held at 6o °C for various time intervals, a Io-fold reduction in transformation titre occurred only after 4 h had elapsed. When the same isolate was held at 80 °C for 30 min all detectable transforming activity was lost (Fig. 3) .
When freeze-thaw epithelial cell suspensions from milk samples from six separate dairies were examined under the electron microscope using negative staining, two showed particles indistinguishable from bovine papilloma virus in size and morphology. Fig. 4 illustrates the TIDs0 titres of sera from cattle experimentally infected with various BPV isolates. Full details of the transmission of lesions to these calves appear elsewhere (Meischke, t979b ) . Calves which developed multiple fibropapillomas all showed detectable TI activity in their sera. Serum samples from calves inoculated with transformed cells (five calves), control cells (two calves) and focal epithelial hyperplasia virus (two calves) failed to show detectable TI titres. All titres shown in Fig. 4 are the means of four replicate assays. Fig. 5 shows the effect of varying virus and complement cencentrations on the TIDs0 of one serum sample diluted precisely to the previously determined TIDso using 5 % complement and ioo transforming units per well. Each point on the graph represents the result of I2 replicate titrations. At very high concentrations of BPV the TI effect of the serum was reduced. However, over a wide range (2. 5 log units) of concentrations, virus dilution did not alter the TI of the serum. When insufficient virus is present to transform the cells the serum had no effect. In contrast, varying complement cencentrations from I to Io% resulted in marked variations in serum TI effect. At 1% there was no TI while at Io % TI was complete. Table 4 shows the effect of prior adsorption of one high titre serum (68888, W24) using 
3"z5
CsCl-purified virus Teat fibropapilloma 3'5 Teat rice grain lesion 3"5 Dog skin papilloma 3"5 Teat papilloma 3"5 Anogenital fibropapilloma 3"25 Cutaneous fibropapilloma [ "75" Clarified [o % (w/v) 
DISCUSSION
The results presented in Table I show that cultures derived from foetal bovine meninges, conjunctiva and palate were consistently transformed after infection with BPV. Black et al. (~963) found that BPV transformed bovine kidney and foetal bovine heart. Primary bovine kidney cultures, however, did not transform nor did the two foetal bovine kidney cultures mentioned in this paper. Thomas et al. (1963 Thomas et al. ( , 1964 reported BPV-induced transformation of foetal bovine skin cells and primary cultures derived from foetal bovine skin pieces. This paper reports only two foetal skin cultures which transform and these were derived from epidermal scrapings of two near term foetuses. Parallel cultures from the same foetuses, using whole or dispersed skin pieces, and cultures from the skin of younger and smaller foetuses failed to transform. Although BPV-induced tumours are known to occur in bovine meninges (Gordon & Olson, 1968) and palate (Jarrett et al. 1978) in vitro transformation by BPV of cultures from these tissues in the foetus has not been previously recorded.
The microscopic appearance of BPV induced transformation has already been described (Black et al. 1963; Thomas et al. 1963 Thomas et al. , 1964 . However, the development of gross wisps when transformed cultures reach overconfluence has not been reported previously. It is these wisps which provide a sharply defined end-point, making a quantal transformation assay more attractive and easy to perform when compared with existing BPV assay systems. In over 2oo assays, a partly transformed well has never been observed; the presence or absence of wisps appears to be an all or nothing phenomenon. In contrast, the pleomorphic nature of some cultures makes examination for microscopic foci very difficult, with the result that end-points are obscure.
Transformed cultures showed a 2"5-to 3-fold increase in lifespan without loss of macroscopic wisps, compared with paired control cultures. Earlier papers have reported increased longevity before the complete lifespan of transformed cultures had been determined (Thomas et al. I963, I964) .
Suspension-infected cultures consistently showed transformation wisps 3 to 4 days earlier than monolayer infected cultures in the total time required for transformation wisps to appear. These intervals contrast with the period of 45 days reported by Thomas et al. (I963) for foetal bovine skin, but are similar to the 6 to lO days seen in mouse cells (Thomas et al. I964) and the 3 to ro days observed with bovine conjunctiva (DBC) cells. DBC suspension infected cultures were transformed 7 days earlier than those infected as a monolayer (Black et al. I963) .
The difference between adsorption times of the two infection methods parallels the delay in appearance of transformation wisps in monolayer infected cultures. Previous reports of low transformation titres may have been due to incomplete BPV adsorption.
Transformed cells did not form colonies in agar suspension and there were no significant differences in the generation intervals or saturation density of paired transformed and control cultures. This finding is not remarkable since some cells transformed by other DNA viruses (e.g. SV4o, polyoma, herpes) have also been shown to be unable to form colonies in agar suspension.
Mean titres calculated from repeated assays on three different cultures showed no significant differences. This was found using ten samples of a single fibropapilloma case. These results indicate that the transformation assay is reproducible in cultures derived from tissues of the same foetus, and from the same tissues of different foetuses. Haemagglutination titres in this work varied between o'5 and 2 log10 dilutions less than equivalent transformation titres. Transformation titres in this laboratory have varied between o and 6-2 indicating greater sensitivity than haemagglutination. The comparative results indicate that the transformation assay is measuring a different parameter to the haemagglutination assay.
BPV-transformed cell cultures are tumorigenic in nude mice and this work has been reported (Meischke, 1978 ) . It can be seen from the above in vivo and in vitro results that BPV is relatively resistant to heat, a property it shares with other papoviruses. The work reported here on clarified IO % (w/v) sispensions of actual papillomas in PBS may te~d to underestimate the resistance of BPV in milk to heat-inactivation. These findings suggest that not only calves which suckle affected cows, but also calves being artificially suckled using pasteurized whole milk or skim milk are likely to be exposed to infectious BPV. In the area studied 48 ~o of cows had teat papillomatosis and 19 % of all cattle had papillomas of the upper alimentary tract. A similar range of lesion types was reported in the upper alimentary tract as on the teats of cattle (Jarrett et al. I978; Meischke, I979a) .
Antivirion (V) antibodies have been reported for bovine papilloma virus and these have been used to visualize virus within the nuclei of superficial epithelial cells in fibropapillomas (Smithies & Olson, 1964) . The same authors report that V-antigen has never been detected in the fibroma cells nor has virus been seen in these cells in the electron microscope. Lee & Olson (I969a) reported a gel diffusion precipitin test for bovine papilloma virus and in experimental calves, anti-V antibodies first appeared between I and 2 weeks following inoculation and persisted for up to r6 weeks. (Lee & Olson, I969b) . Anti-V antibody presence in sera could not be correlated with the growth or regression of fibropapillomas. H . R . C . MEISCHKE Using identical methods, as well as those reported by Koller et al. (i974) and Almeida & Goffe (r965) , no precipitin lines developed with the sera used in this paper were tested.
Barthold & Olson (i974) detected a membrane antigen to BPV-induced fibroma cells using indirect immunofluorescence on live unfixed fibroma cells in vitro. They reported that adsorption with tumour cells removed the antibody activity in test sera.
The results reported here indicate that TI antibody titres persist for only 4 to 8 weeks following complete regression. These findings conflict with those of Barthold & Olson (I974) but are in general agreement with those for tumour-specific transplantation antigen (TSTA) in SV4o induced tumours (Chang et al, I977) and the findings with human papilloma related cell mediated immunity reported by Lee & Eisinger 0976). Black et al (I963) have reported transformation inhibition titres as high as 5.I2X IO 3 but make no comment about the complement dependence of their test system; however, they used non-heat-inactivated foetal bovine serum (FBS) in their growth medium which could supply enough complement for transformation inhibition. Since complement levels in FBS are highly variable, the work reported here has been conducted using a standard source of complement to ensure comparability of titres obtained in sequential assays.
Adsorption experiments reported here are in agreement with those of Barthold & Olson 0974). They provide further evidence that while TI antibody is not directed against purified or clarified BPV preparations from a variety of sources (Table 4) , it is directed against in vivo and in vitro cells transformed by fibropapilloma virus. The absence of a similar response to tissue suspensions of teat focal epithelial hyperplasia lesions and teat papillomas appears similar to the non-cross reactivity observed between the TSTAs of JCV, BKV and SV4o induced tumour cells (Padgett & Walker, I976; Padgett et al, I977)-Related but different papovaviruses appear to have distinct TSTAs. The reduction of TI titre by adsorption with purified but not clarified cutaneous fibropapilloma virus may simply be a reflection of the vastly greater concentration 0ODD-fold higher) in the former than in the latter. This would over-ride any equivalence between antigen and antibody as indicated in Fig. 5 .
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